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Received April 16, 2009 . Accepted September 23, 2009 . Available online October 26, 2009. The association between endometriosis and infertility is well known. It has been estimated that about 20-25% of infertile women have endometriosis (1, 2) . Patients with moderate or severe endometriosis have infertility secondary to anatomic causes. However, for infertile women with minimal or mild endometriosis, the cause of infertility is not fully understood but is thought to involve hormonal (3, 4) , immunological (5) , proliferative (endometrial), and uterine alterations (2, 6) .
Interleukin-18 (IL-18) is a cytokine that belongs to the IL-1 family, originally identified as interferon gamma (IFN-γ) in Kupffer cells and macrophages (7) . IL-18 activates natural killer (NK) cells and also plays a relevant role in the protection against bacterial infections. It plays a central role in the inflammatory cascade and in the process of innate and acquired immunity as a result of its ability to induce the production of IFN-γ in T lymphocytes and NK cells (7, 8) .
Moreover, IL-18 acts in synergy with IL-12 to promote the development of the T helper response and a shift to the Th1 pattern (5, 8) .
Several immunological abnormalities have been described in infertile patients with minimal and mild endometriosis: abnormal NK cell function (9, 10) , reduced cytotoxic effect of lymphocytes and macrophage (9) , imbalanced Th1/Th2 response (5, 11) , and many studies have found high levels of cytokines in the peritoneal fluid of women with endometriosis (1). These alterations may play a role in the development and progression of endometriosis and infertility (12, 13) .
In addition, some cytokines have been identified in the peritoneal fluid. The cytokines found in women with endometriosis include: interleukins (IL-1, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-13), IFN-γ, tumor necrosis factor (TNF), and others (12) . The abnormal expression of several cytokines by the activation of macrophage, such as IL-1, IL-6, IL-8, and TNF, in the peritoneal fluid of women with endometriosis can contribute to an unfavorable peritoneal environment, favoring the growth of endometrial cells and the establishment of endometriosis (13, 14) .
Literature data concerning the role of IL-18 in endometriosis are contradictory, probably because the patient groups studied were not homogeneous and most of the studies did not focus on infertile patients with minimal/mild endometriosis.
Some investigators have already studied the association between IL-18 and endometriosis. Arici et al. (8) found measurable levels of IL-18 in the peritoneal fluid of patients with treated endometriosis to be significantly higher than those of the control group with endometriosis without treatment (means ± SEM, 91.1 ± 6.5 vs 59.4 ± 2 pg/mL) (8 (20) showed that patients with severe endometriosis have higher levels of IL-12 in the peritoneal fluid irrespective of IL-18 levels (means ± SEM, 142 ± 23 vs 112 ± 29 pg/mL).
Since endometriosis is associated with sub-fertility and IL-18 may favor the progression of endometriosis, we expected that IL-18 would be associated with infertility. We determined the levels of IL-18 in the serum and peritoneal fluid of infertile women with minimal/mild endometriosis. As the peritoneal fluid may reflect a systemic inflammatory scenario, we also attempted to correlate the peritoneal and serum IL-18 levels.
Patients and Methods
A cross-sectional study was conducted on 56 patients enrolled from March 2006 to December 2007 at Hospital de Clínicas de Porto Alegre when seeking care for the investigation of infertility or tubal ligation.
Thirty-four patients with minimal or mild endometriosis were submitted to laparoscopy to investigate infertility. Infertility was defined as the inability of a couple to achieve pregnancy after one year of regular unprotected sexual intercourse (16) . Endometriosis was diagnosed during laparoscopy and categorized according to the classification proposed by the American Society for Reproductive Medicine (ASRM, 1997) (16) . All patients had peritoneal implants. The same investigator performed all endoscopic procedures. Other causes of infertility were excluded by hysterosalpingography, sperm evaluation, and measurements of serum follicle-stimulating hormone, prolactin and thyroid-stimulating hormone levels on the third day of the menstrual cycle. All patients were in the first menstrual phase and none of them had been taking hormonal medications for at least 3 months prior to surgery.
The control group consisted of 22 patients who underwent laparoscopy for tubal ligation. None of these patients were diagnosed with endometriosis, all of them were fertile and none had a significant past medical history. Once again, all patients were in the first menstrual phase and none of them had been on hormonal medications for at least 3 months prior to surgery.
The samples of peritoneal fluid (3 to 6 mL) were collected during the laparoscopic procedure under general anesthesia, immediately after the introduction of the second trocar, and the fluid was aspirated from the anterior or posterior peritoneal deflection. Samples were not collected when the presence of bleeding in the cavity was detected and the peritoneal cavity was not washed. The blood samples were collected at the time of the laparoscopic procedure in all patients. All samples were centrifuged and stored at -80°C until the time for determination.
Clinical data regarding menstrual cycle, obstetrical history, previous surgical procedures, and history of hormone use were also obtained by means of an appropriate questionnaire. All patients and control subjects who participated in this study signed an informed consent form. The study was approved by the Ethics Committee of Hospital de Clínicas de Porto Alegre.
The serum and peritoneal IL-18 levels were determined with the Human IL-18 Immuno Assay ELISA kit (MBL Co. Ltd., Japan). This assay has the ability to specifically detect IL-18 in human secretions with a high sensitivity of 12.5 pg/mL. The minimal estimated detection would be 12.5 ± 6.25 pg/mL. The laparoscopy procedure was performed independently of the day of the menstrual cycle. There was a nonsignificant correlation between serum and peritoneal IL-18 levels and the day of the menstrual day (data not shown).
For statistical analysis, data with nonparametric distribution are reported as median values with the 95% confidence interval and those with parametric distribution as means ± SD. The Student t-test was used to compare means, the Mann-Whitney test to compare median values and the Spearman test for correlation analysis. When P < 0.05, the samples were considered to be statistically different.
The sample size was calculated based on previously published studies, with values of Pβ of 80% and Pα of 5% (17) . The calculated number of patients was 50.
Results
The clinical and demographic characteristics of the two groups did not differ. Mean ± SD age was 31.51 ± 4.54 years The means ± SD of IL-18 levels in peritoneal fluid according to the endometriosis stage were analyzed. In stage I, the levels were 37.7 ± 35.4 pg/mL and in stage II, 48.2 ± 59.3 pg/mL. There was no statistically significant difference between minimal and mild endometriosis (Student t-test, P > 0.05).
The correlation between serum and peritoneal fluid IL-18 levels was estimated and a strong and positive association was found both in the control group (r = 0.794, P = 0.001) and in patients with endometriosis (r = 0.722, P = 0.004), as shown in Figure 1 . Thus, this correlation between the peritoneal fluid and the serum IL-18 levels reflects a systemic inflammatory response in both groups.
In addition, the stage of endometriosis was not associated with IL-18 levels (serum or peritoneal; data not shown).
Discussion
This study did not find a significant difference in the IL-18 levels of serum and the peritoneal cavity of infertile women with minimal and mild endometriosis compared to the control group. These findings suggest that IL-18 does not participate in the infertility of patients with mild/minimal endometriosis. However, a strong and positive correlation between serum and peritoneal IL-18 levels was found, possibly indicating a systemic immunoregulatory role of IL-18 and not of a solely local (peritoneal) production of IL-18.
As previously reported, several cytokines were associated with the pathogenesis of endometriosis (12, 14) . Alteration in the immunological system related to retrograde menstruation allows the establishment of peritoneal implants that may result in endometriosis. Some studies have suggested that endometriosis may be a type of autoimmune disease (8, 21) . In addition, circulating monocytes showed an increased activation in women with endometriosis. Under basal and stimulated conditions, these cells show higher levels of TNF-α, IL-6 and IL-8 production when compared to cells of unaffected patients (21) .
IL-18 has an immunoregulatory function and is predominantly produced by activated macrophages. Furthermore, it shares functional properties with IL-12 and structural similarities with the IL-1 family, with effects that are independent of both. IL-18 induces a Th1 immunological response by inducing the production of IFN-γ by macrophages, T lymphocytes and NK cells (22) (23) (24) .
To date, four studies have evaluated IL-18 levels in patients with endometriosis, with discrepant results (8, 17, 20, 24) . Zhang et al. (24) did not find a correlation between peritoneal and serum concentrations of IL-18. Other studies did not evaluate this correlation, and this was the reason why we were interested in the determination of both serum and peritoneal IL-18 levels and in the estimate of their correlation.
Arici et al. (8) and Oku et al. (17) found high levels of IL-18 in the peritoneal fluid of women with endometriosis when compared to a control group. In contrast, Zhang et al. (24) found reduced levels of IL-18 in the peritoneal fluid of patients with endometriosis when compared to the group of patients submitted to tubal ligation. We questioned whether the use of different kits for the determination of IL-18 (Bender Medsystems, Santa Cruz Biotechnology, USA, versus MBL) would be one of the reasons for the conflicting results obtained in these studies, since the numerical values presented were very distinct although all of them used ELISA.
Our results agree with those of Fairbanks et al. (20) who found no difference in IL-18 levels either in serum or in peritoneal samples from patients with endometriosis (20) , but found a significant increase in IL-12 levels in patients with endometriosis and with more advanced stages of the disease. This suggests an alternative pathway in the induction of a Th1 inflammatory response in patients with endometriosis.
When we compare our study with these studies, we can see that the profile of the study group in which the IL-18 was determined was also different. The selection of subjects can interfere with the final result, particularly when one works with new and variable methods and techniques.
The study of Arici et al. (8) compared a group of patients with endometriosis who were previously treated with a GnRH agonist to the group of subjects who had not received any treatment. It is not known if the use of an agonist could interfere with the peritoneal fluid, altering the result of IL-18 measurement. All previous studies included patients with endometriosis who presented either pelvic pain and/or infertility.
Our investigation showed statistical power and appropriate care in the composition of the study and the control group (stages I and II of endometriosis and fertile women without endometriosis, respectively) in order to test the hypothesis of an association between IL-18 in the serum and peritoneal fluid of women with infertility and endometriosis. The results do not rule out the influence of IL-18 in women with endometriosis and pelvic pain since the main focus was the subgroup of infertile patients with mild/minimal endometriosis.
In addition, it has been recently demonstrated that patients who are homozygotes for IL-2 with allele C have a greater susceptibility to the development of endometriosis. Conversely, the polymorphisms of the IL-18 and -12 genes were not related to endometriosis. Although Hsieh et al. (25) did not study only infertile women, our results agree with theirs, removing IL-18 from the pathogenic pathway of endometriosis (25) .
In summary, women with minimal or mild endometriosis did not show any alteration in the concentration of IL-18 in serum or peritoneal fluid. We found no difference in IL-18 in patients or controls with or without infertility due to minimal or mild endometriosis.
